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A Study of the Inheritance and Inter-relationships of some 
Agronomically Important Characters in Spring Barley 
T . J .  R iggs  and  A . M .  H a y t e r  

P l a n t  B r e e d i n g  I n s t i t u t e ,  C a m b r i d g e  ( E n g l a n d )  and S c o t t i s h  P l a n t  B r e e d i n g  S ta t ion ,  P e n t l a n d f i e l d ,  Ro s l i n ,  

M i d i o t h i a n  (Sco t l and )  

S u m m a r y .  The r e s u l t s  of g e n e t i c a l  a n a l y s e s  of  da ta  fo r  the  c h a r a c t e r s  e a r  n u m b e r ,  g r a i n  n u m b e r  p e r  
e a r ,  i000  c o r n  weight  and s t r a w  l e n g t h  a r e  p r e s e n t e d .  T h e s e  da t a  w e r e  o b t a i n e d  f r o m  the  F~ and  F2 
g e n e r a t i o n s  of  a ha l f  d i a l l e l  c r o s s  b e t w e e n  13 b a r l e y  v a r i e t i e s ,  4 of  which  w e r e  s i x - r o w  t y p e s .  S e p a -  
r a t e  a n a l y s e s  w e r e  a l so  conduc t ed  on the  s u b - s e t  c o m p r i s i n g  t w o - r o w  g e n o t y p e s  on ly .  

A n a l y s e s  of v a r i a n c e  d e t e c t e d  a h igh  l eve l  of  d o m i n a n c e  in F~ fo r  a l l  the  c h a r a c t e r s  and in  g e n e r a l  
the  d o m i n a n c e  e f f e c t s  w e r e  d i r e c t i o n a l  and p o s i t i v e .  A p p a r e n t  o v e r d o m i n a n c e  r e s u l t i n g  f r o m  i n t e r a c -  
t ion  was d e t e c t e d  in the  F~ of  c r o s s e s  b e t w e e n  t w o - r o w  and s i x - r o w  p a r e n t s  fo r  1000 c o r n  we igh t .  

E v i d e n c e  s u g g e s t e d  tha t  s e l e c t i o n  had  r e s u l t e d  in  the  a c c u m u l a t i o n  of  d o m i n a n t  g e n e s  h a v i n g  an  i n -  
c r e a s i n g  e f fec t  on  the  m o r p h o l o g i c a l  c o m p o n e n t s  of  y i e l d .  A h igh  p r o p o r t i o n  of d o m i n a n t  g e n e s  a c t i n g  
to i n c r e a s e  s t r a w  l e n g t h  was  a l s o  d e t e c t e d  and  it  was  c o n c l u d e d  tha t  c o n s i d e r a b l e  f u r t h e r  s h o r t e n i n g  of  
the  s t r a w  migh t  be p o s s i b l e  by s e l e c t i o n  in a s e g r e g a t i n g  popu la t ion  though  p o s s i b l y  at  the  e x p e n s e  of y i e l d .  

Geno typ ic  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  c o m p u t e d  and  p r o v i d e d  e v i d e n c e  tha t  f u r t h e r  g e n e t i c  i m p r o v e -  
men t  fo r  y ie ld  s h o u l d  be  p o s s i b l e  wi th in  the  t w o - r o w  g e n o t y p e s .  

I n t r o d u c t i o n  

In b r e e d i n g  fo r  i n c r e a s e d  y ie ld  in  the  s m a l l  g r a i n  c e r e -  

a l s ,  e f f e c t i v e  y ie ld  e v a l u a t i o n  i s  not u s u a l l y p o s s i b l e  u n -  

t i l  t he  F 4 o r  F 5 g e n e r a t i o n s .  S e l e c t i o n  i n t h e  e a r l y g e n -  

e r a t i o n s  m a y  c o n s e q u e n t l y  be  m a i n l y  f o r  the  m o r p h o l o g i -  

cal  c o m p o n e n t s  of y ie ld  such  a s  the  n u m b e r  of e a r s  p e r  

p l a n t ,  t he  g r a i n  n u m b e r  p e r  e a r  and  the  weight  p e r  g r a i n .  

R a s m u s s o n  and Canne l l  ( 1 9 7 0 ) f o u n d  tha t  s e l e c t i o n  fo r  

y ie ld  c o m p o n e n t s  a s  a m e a n s  of  i n c r e a s i n g  to ta l  y i e ld  

was v e r y  e f f e c t i v e  in  c e r t a i n  s i t u a t i o n s .  They could  not  

h o w e v e r  r e c o m m e n d  it  a s  a r o u t i n e  p r o c e d u r e  b e c a u s e  

of the  i n c o n s i s t e n c y  of  r e s u l t s .  Yap and  H a r v e y  (1972)  

r e p o r t e d  r e s u l t s  of a g e n e t i c  s tudy on y i e ld  c o m p o n e n t s  

in  b a r l e y  and  conc luded  tha t  s e l e c t i o n  fo r  i n c r e a s e d  

y ie ld  by d i r e c t  s e l e c t i o n  fo r  i t s  c o m p o n e n t s  shou ld  be 

s u c c e s s f u l  s i n c e  t h e s e  c h a r a c t e r s  w e r e  c o n t r o l l e d m a i n -  

ly by add i t i ve  gene  ac t ion  and  t h e  t h r e e  y i e ld  c o m p o n e n t s  

w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  with g r a i n  y i e l d .  A d a m s  

(1967)  has  po in t ed  out  tha t  s i n c e  y i e ld  c o m p o n e n t s  a r e  

d e t e r m i n e d  at d i f f e r e n t  s t a g e s  in  the  on togeny  of the  p l an t  

t h e y  a r e  a f f e c t e d  d i f f e r e n t i a l l y b y  e n v i r o n m e n t a l  f a c t o r s .  

C o m p e n s a t i o n  b e t w e e n  y i e ld  c o m p o n e n t s  may  l ead  to n e g -  

a t i v e  c o r r e l a t i o n s  b e t w e e n  t h e m .  This  a u t h o r  s t r e s s e d  

the  need  f o r  con t inua l  i n v e s t i g a t i o n  and  a n a l y s i s  at  t he  

g e n e t i c a l ,  p h y s i o l o g i c a l  and  d e v e l o p m e n t a l  l e v e l s ,  of 

y i e ld  c o m p o n e n t s  and  t h e i r  i n t e r - r e l a t i o n s h i p s .  

The r e s u l t s  p r e s e n t e d h e r e  w e r e  o b t a i n e d  f r o m  an e x -  

p e r i m e n t  d e s i g n e d  to p r o v i d e  g e n e t i c a l  i n f o r m a t i o n  on 

the  c o n t r o l  of a n u m b e r  of q u a n t i t a t i v e l y  i n h e r i t e d  c h a -  

r a c t e r s  i nc lud ing  c o m p o n e n t s  of y i e ld  and  the  p r o d u c t i o n  

of d i a s t a t i c  e n z y m e s .  T h i r t e e n  p a r e n t  v a r i e t i e s  and  t h e i r  

p r o g e n y  w e r e  s t u d i ed  and  r e s u l t s  a r e  p r e s e n t e d  fo r  the  

c h a r a c t e r s  e a r  n u m b e r ,  g r a i n  n u m b e r  p e r  e a r ,  1000 c o r n  

weight  and s t r a w  l e n g t h .  A m o r e  d e t a i l e d  a n a l y s i s  of t he  

y ie ld  c o m p o n e n t  g r a i n  n u m b e r  p e r  e a r  h a s  a l r e a d y  b e e n  

p u b l i s h e d  (Riggs  and H a y t e r  1973) and  a g e n e t i c a l  s tudy  

of t i m e  to e a r  e m e r g e n c e  was  d e s c r i b e d  by Riggs  and  

H a y t e r  ( 1 9 7 2 ) .  

M a t e r i a l s  and  Me th o d s  

The 13 s p r i n g  b a r l e y  v a r i e t i e s  u s e d  a r e  l i s t e d  in Table  1 
and  d e t a i l s  of t h e i r  p e d i g r e e s  and  p r o v e n a n c e s  w e r e  g i v -  
en  by Biggs  and  H a y t e r  ( 1 9 7 2 ) .  Mos t  of the  t w o - r o w  v a -  
r i e t i e s  w e r e ,  at  t he  i n c e p t i o n  of  the  e x p e r i m e n t ,  of  s o m e  
c o m m e r c i a l  i n t e r e s t .  The s i x - r o w  v a r i e t i e s ,  wi th  the  e x -  
cep t ion  of  Sco tch  B e r e  ( d e r i v e d  f r o m  an  old  S c o t t i s h  l and  
r a c e ) ,  w e r e  c h o s e n  fo r  t h e i r  h igh  d i a s t a t i c  e n z y m e  a c -  
t i v i t y  d u r i n g  g e r m i n a t i o n .  

The m a t e r i a l  g rown as  Deba  A b e d  (Riggs  and H a y t e r  
1972) was found not  to be  t r u e  to type  and  i s  r e f e r r e d  to 
in  t h i s  p a p e r  a s  "Stock 1" .  

V a r i e t i e s  w e r e  c r o s s e d  a c c o r d i n g  to the  ha l f  d i a l l e l  
m a t i n g  d e s i g n  and  the  p a r e n t s  F~ and  F~ g e n e r a t i o n s  
w e r e  g rown t o g e t h e r  in  two r e p l i c a t e  b l o c k s  in  the  two 
s e a s o n s  1970 and  1971. P l a n t s  w e r e  r a n d o m i z e d  i n d i -  
v idua l ly  wi th in  e a c h  b lock  at a s p a c i n g  of 15 c m s  b e t w e e n  
r o w s  and  7 . 5  c m s  b e t w e e n  p l a n t s  wi th in  r o w s .  E a c h  t a m -  
i ty was  r e p r e s e n t e d  by 10 s i b s  in  e a c h  b l o c k .  

E a r  n u m b e r  and  s t r a w  l e n g t h  wore  r e c o r d e d  for  e a c h  
p l an t  a t  h a r v e s t .  The e a r s  w e r e  t hen  t h r e s h e d  and  the  
g r a i n s  coun ted  and  we ighed .  It was  not  found p o s s i b l e  to 
o b t a i n  a c c u r a t e  d i r e c t  m e a s u r e m e n t s  of  y i e ld  p e r  p l a n t  
b e c a u s e  u n a v o i d a b l e  d a m a g e  at  h a r v e s t  o c c a s i o n a l l y  l ed  
to e a r  o r  g r a i n  l o s s .  
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Data were analysed according to the procedures ap- 
propriate to diallel mating designs and described by 
Mather and Jinks (1971). Analyses were conducted for 
the Fi and F2 generations of the 13 x 13 half diallel 
(13 HD ) and for the 9 x 9 sub-set comprising two-row geno- 
types only (9 HD ). For brevity the results from the 1971 
season only are presented. The 1971 season was more fa- 
vourable for growth than the 1970 season but the results 
were similar in both years. 

In the analyses of variance for the 13 HD all items 
were tested against the average within- family variance 
for the F~ and parents. This was very similar to the 
pooled block interaction mean square, Bt (Table 2). In 
the 9HD all items were tested against the Bt item ob- 
tained from the analysis of the F• data. 

Unweighted least square estimates for the genetic 
components D, Hi, H2 and F (Mather, 1949)were ob- 
tained using statistics from pooled F~ and F 2 data from 
both blocks. Using the terminologyof Mather and Jinks 
(I_971), these statistics were Vp, Vr, Vr, Wr, Wri2, 
Wri2 and direct measures of Eo, Ei and E2, the within 
- family variances of the parents, Fi and F2 respec- 
tively. 

Broad-sense heritability (h~) and narrow-sense her- 
itability (h~) estimates were calculated from 

2 2D+ �89 I - �88 2 F 
hB : 1 D - T - - - - -  1 - - - -  ] ' - - -  and  

+~HI-gH2-~ F +m 

1 1 1 1 
2 ~D +-~H 1 -~H 2-~F 

hN : I-- --T----- ]-------7-- - 
-~D +~H I --~H 2 -~F +E 

To obtain genotypic correlations the variances and 
covariances between the three yield components, straw 
length and time to heading were partitioned into the av- 
erage within-family and the between-family components. 
For this purpose data from the two blocks were pooled. 

Results 

The mean values of the four characters for each parent 

variety are shown in Table I. The six-row varieties pro- 

duced fewer ears and had longer straw than the two-row 

varieties. They also exhibited relatively low corn weights. 

The closely related two-row parents Midas and Golden 

Promise had particularly short straw and low corn 

weights. 

Diallel Analysis 

For each array, Vr, the variance of all offspring of the rth 

parent, and Wr, the covariance between the offspring and 

the non-recurrent parent, were calculated (Jinks 1954 ). 

The relationship between Wr and Vr provides tests of the 

genetic model assumed. Heterogeneity of Wr-Vr over 

arrays indicates non-allelic interaction and the failure 

of the additive-dominance model to fit the data. In the 

absence of interaction, heterogeneity of Wr + Vr indi- 

cates variance amongst arrays for dominance effects. 

For the character ear number no non-allelic inter- 

action was detected by this test in either the 13 HD or 

the 9 HD. Tables 2 and 3 show that both additive and 

non-additive genetic variance was detected in the F 1 gen- 

eration but that by F 2 in the 13 HD only additive genet- 

ic variance was present. In the 9 HD F 2 no genetic var- 

iance at all could be detected. The estimated genetic 

components for this character (Tables 4 and 5) indicated 

only additive variance in the 13 HD whereas in the 9 HD 

only the dominance components were significant. No 

estimates of heritability could therefore be made in either 

case. Although directional dominance was indicated by 

the analyses of variance for both diallel groups, the cor- 

relation of Yr, the parent mean, and Wr + Vr reached 

significance only in the 9 HD F i. Since Wr + Vr is an 

inverse measure of dominance the negative sign of the 

correlation coefficient shows that dominant genes de- 

termined high ear number. It is apparent that the differ- 

entanalyses lead to somewhat conflicting conclusions 

and it seems likely that the genetic effects were obscur- 

ed by environmentally conditioned fluctuations in the ex- 

pression of the characte ,~. 

The results of the analyses for grain number per ear 

have been described in a previous publication (Riggs and 

Hayter 1973) and are summarized here. 

Considerable additive and non-additive genetic vari- 

ance was detected in the 13HD, and in the 9HD non-ad- 

ditive variance was attributable almost entirely to the b 1 

item, the mean grain number per ear for the hybrids ex- 

ceeding that for the mid-parents by 7.4 ~. 

The H I and H 2 components were large for the 13HD 

(Table 4) but non-allelic interaction was detected in the 

9 HD and the genetic components were not estimated. The 

high level of dominance detected in the 13 HD was no 

doubt due to the allele V which determines two-row ex- 

pression and is dominant to the allele v, determining 

six-row expression, at a single locus on chromosome 

2. The gene asymmetry detected (i.e. H2/4H I <0.25) 

was probably due to the unequal numbers of two-row and 

I F/~/D -H 2) was close six-row genotypes. The ratio ~ (H I 

to I showing that additive and dominance effects were in 

approximately the same proportion over all loci, and the 
I 1 

ratio (4DHI)2 + F/(4DHI)~ - F showed that the propor- 

tion of dominant to recessive genes or effective factors 

was approximately 2.6 to 1. Both broad and narrow- 

sense heritability estimates were high. 

For I000 corn weight considerable non-allelic inter- 

action was detected in the 13 HD and the slope of the re- 
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Table I. Mean measurements for four characters in thirteen barley varieties 

e a r  n u m b e r  g r a i n  n o .  p e r  e a r  1000 c o r n  w e i g h t  ( g )  s t r a w  l e n g t h  ( c m )  

1. 0 1 1 i *  3 . 0 0  3 8 . 6 5  3 8 . 2 1  9 7 . 5  
2. P i r k k a *  2 . 4 1  4 2 . 8 9  3 6 . 7 3  9 5 . 0  
3. C a m b r i n u s  4 . 4 0  1 9 . 8 2  4 5 . 3 2  7 9 . 8  
4.  Y m e r  4 . 9 5  1 9 . 9 5  4 3 . 0 9  8 1 . 9  
5. S t o c k  1 4 . 0 5  2 3 . 3 0  4 3 . 1 6  9 0 . 4  
6.  S c o t c h  B e r e *  3 . 0 5  4 1 . 3 5  4 0 . 1 2  1 0 7 . 3  
7.  O . A . C .  2 1 -  2 . 4 3  3 9 . 4 7  3 5 . 9 5  1 1 1 . 9  
8.  G o l d e n  P r o m i s e  3 . 8 5  2 0 . 9 0  3 4 . 4 3  6 5 . 8  
9.  M a r l s  B a l d r i c  3 . 8 5  2 0 . 2 0  4 4 . 6 1  8 0 . 4  
10.  M i d a s  3 . 1 0  2 2 . 8 5  3 5 . 5 1  6 9 . 1  
11.  M o s a n e  3 . 7 0  1 9 . 7 0  4 1 . 9 5  8 4 . 7  
12.  S u l t a n  4 . 2 5  1 9 . 5 5  4 2 . 1 2  8 0 . 3  
13.  B o r e h a m  W a r r i o r  3 . 8 5  2 2 . 3 7  5 0 . 4 7  8 1 . 6  

* six-row 

- - 0 . 3 3 9  -- 1 . 4 2 3  4-__ 1 . 3 9 3  +- 3 . 2 1 8  

T a b l e  2. A n a l y s e s  o f  v a r i a n c e  o f  a 13 x 13 d i a l l e l  t a b l e  ( 1 3 H D )  f o r  f o u r  c h a r a c t e r s  

e a r  n u m b e r  grain no. per ear 1000 c o r n  w e i g h t  

F 1 F 2 F 1 F 2 F 1 F 2 

Item d.f. MS MS MS MS MS MS 

a (additivity) 12 55.00"' 32.22"' 3606.7"' 5046.4'" 1653. I'" 1509.1"' 
b ( d o m i n a n c e )  ( 7 8 )  5 . 8 3 "  2 . 9 6  3 4 6 . 4 " '  144 .1 ' "  8 3 8 . 1 "  2 1 7 . 2 "  
b~ (direction) 1 109.97'" 3 . 8 8  1807.6'" 100.4 16699.3'" 3017.2'" 
b2 (distribution) 12 3.26 3.99 632.6'" 223.7'" 664.1"' 310.1"' 
b3 (specificity) 65 4.70'" 2.75 271.1"' 130.1'" 626.2'" 157.0 '~' 

Blocks 1 6.98 12.86' 2090.5"' 1558,0"' 1215.7'" 91.3 

P o o l e d  b l o c k  
i n t e r a c t i o n s  ( B t )  90 2 . 5 4  3 . 0 2  4 0 . 5  108 .9" '  3 1 . 9  8 8 . 8 ' "  

W i t h i n - f a m i l y  
v a r i a n c e  2 . 5 3  3 4 . 2  4 1 . 1  
(F~  + p a r e n t s )  (1631  d . f .  ) (1608  d . f .  ) (1620  d . f . )  

Al l  i t e m s  t e s t e d  a g a i n s t  t h e  a p p r o p r i a t e  w i t h i n - f a m i l y  v a r i a n c e .  
', ", "', s i g n i f i c a n t  a t  P = 0 . 0 5 ,  0 . 0 1  a n d  0 . 0 0 1  r e s p e c t i v e l y .  

Table 3. Analyses of variance of a 9 X 9 diallel table (9HD) for four characters 

s t r a w  l e n g t h  

F 1 F 2 
MS MS 

14031.9'" 12385.2"' 
843.8'" 299.8": 

22795.2'" 5571.2"' 
354.5" 69.7 
596.4"' 261.2"' 

706.4" 92.6 

124.2 152.8" 

1 0 2 . 0  
( 1 6 2 0  d . f .  ) 

e a r  n u m b e r  grain no. per ear 1000 corn weight s t r a w  l e n g t h  

F 1 F 2 F 1 F 2 F 1 F 2 F 1  F 2 
I t e m  d . f .  MS MS MS MS MS M S  MS MS 

a (additivity) 8 1.06" 0.56 12.10"' 7.63"' 89.08" 107.89"' 
b (dominance) (36) 0.96'" 0.35 2.69" 1.98 21.31'" 10.39'" 
bl (direction) 1 10.47'" 0.08 33.60'" 26.00'" 381.29"' 127.35"' 
b~ (distribution) 8 0.27 0.54 1.18 1.89 9.73" 7.17' 
b3 (specificity) 27 0.81" 0.30 1.99' 1.11 11.41'" 7.01" 

Blocks 1 0.09 0.40 29.19"' 11.33' 91.04'" 20.80' 

P o o l e d  b l o c k  
i n t e r a c t i o n s  ( B t )  44 0 . 3 2  0 . 4 0  1 . 0 3  1 . 5 7  3 . 2 1  5 . 3 7  

150.48" 214.54'" 
35.89" 21.47" 

669.94"' 255.19" 
2 0 . 0 4 '  1 1 . 0 4  
1 7 . 1 1 '  1 5 . 9 0 '  

1 0 . 6 8  2 3 . 9 2  

8 . 7 9  1 2 . 8 6  

Al l  i t e m s  t e s t e d  a g a i n s t  t h e  a p p r o p r i a t e  B t  f r o m  t h e  F z  a n a l y s i s .  
, , , ,  s i g n i f i c a n t  a t  P = 0 . 0 5 ,  0 . 0 1  a n d  0 . 0 0 1  r e s p e c t i v e l y .  
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Table 4. Components of variation for three characters. Data from 13HD F• and F2 

ear number grain no. per ear straw length 

D 0 . 3 9 9  •  91 .463  • 4 .29  176.09 • 5 .5  

H 1 0 . 4 0 4  •  7 7 . 8 6 5  • 19 .95  138 .06  -+ 25 .4  

H 2 0 . 3 0 6  •  4 7 . 8 8 4  • 17 .62  120 .82  • 22 .4  

F - 0 . 1 9 5  + 0 . 2 4  7 4 . 2 6 4  • 14.37 13 .48  • 18 .3  
1 

( H 1 / D ) 2  -+ 0 . 9 2  0 . 8 9  

H 2 / 4 H  1 - 0 . 1 5  0 . 2 2  

12 F /  ~K{D(H1 - H 2 )  } - 0 . 7 1  - 

1 1 

( 4 D H 1 ) ~  + F / ( 4 D H 1 ) ~ -  F - 2 .57  - 

2 
h B - 0 . 9 1  0 . 9 2  

h 2 - 0 . 6 0  0 . 6 9  

r ( Y r ,  Wr  + V r ) F 1  0 . 2 9  n . s .  0 . 9 0 " * *  - 0 . 9 5 " * *  

r(Yr, Wr+Vr)F 2 -0.40 n.s. 0.82"** -0.86"** 

+ ratios were not computed where the components failed to reach significance. 

Table 5. Components of variation for three characters. Data from 9HD F• and F2 

ear number I000 corn weight straw length 

D 0.056 -+0.07 21.877 • 1.53 54.181 • 3.51 

H 1 0.818 • 27.538 !7.06 47.032 • 16.18 

H 2 0.784 • 24.387 • 6.22 40.301 • 14.24 

F -0.054 • I0.165 • 5.05 40.545 • 11.57 
I 

( H 1 / D ) 2  -+ 1 .12  0 . 9 3  

H2/4H I 0.24 0.22 0.21 

!2 F/VID(H 1 - H2)/" 0 . 6 1  1 . 0 6  

1 1 

(4DH I)3+ F/(4DH I)~_ F - I. 52 2.34 

2 
h B 0.78 0.70 

h~ 0.43 0.35 

r ( Y r ,  W r + V r ) F  1 - 0 . 7 7 "  - 0 . 9 3 " * *  - 0 . 9 0 " *  

r ( Y r ,  W r + V r ) F  2 - 0 . 2 1  n . s .  - 0 . 6 9 "  - 0 . 8 9 " *  

+ see footnote to table 4. 

gression of Wr on Vr was considerably less than I reflected also in theextremelylarge b I item inthe anal- 

(Fig. 1). The six-row genotypes, with the exception of ysis of variance (Table 2). 

the Scotch Bere array, displayed an excess of recessive 

genes. The apparent overdominance indicated by the in- When analyses were conducted on the 9 HD no non- 

tercept of the regression on the Wr axis (Jinks 1954) was allelic interaction was detected in the analysis of Wr-Vr. 
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36 

1 

The r a t i o  ( H 1 / D ) ~  w a s  a p p r o x i m a t e l y  1, i n d i c a t i n g  c o m -  

p l e t e  d o m i n a n c e ,  a n d  g e n e  s y m m e t r y  w a s  a l m o s t  c o m -  

p l e t e .  The  W r ,  V r  r e g r e s s i o n  g a v e  a s l o p e  no t  s i g n i f i -  

c a n t l y  d i f f e r e n t  f r o m  1 ( F i g . 2 )  a n d  t h e  p o s i t i o n s  of  t h e  

p o i n t s  o n  t h e  l i n e  s h o w  t h a t  t h e  G o l d e n  P r o m i s e  a n d  M i -  

d a s  arrays contained mostly recessive genes whereas 

the arrays of the other seven varieties contained most- 

ly dominant genes. The correlations between Yr, the 

parent means, and Wr + Vr clearly demonstrate (Table 5) 

that high I000 corn weight was determined by dominant 

genes. The apparent overdominance detected in the 

13 HD F 1 ' w a s  c l e a r l y  t h e  r e s u l t  of  n o n - a l l e l i c  i n t e r -  

a c t i o n  in  c r o s s e s  b e t w e e n  t w o - r o w  a n d  s i x - r o w  p a r -  

e n t s .  

In  t h e  9 HD t h e  r a t i o  of  a d d i t i v e  to  d o m i n a n c e  e f f e c t s  

w a s  no t  e n t i r e l y  c o n s t a n t  o v e r  l o c i  a n d  t h e r e  w e r e  o n  a v -  

e r a g e  a p p r o x i m a t e l y  1 . 5  d o m i n a n c e  g e n e s  o r  e f f e c t i v e  

f a c t o r s  f o r  e a c h  r e c e s s i v e  f a c t o r  i n v o l v e d  in  t h e  c o n t r o l  

of  t h i s  c h a r a c t e r .  

C o n s i d e r i n g  f i n a l l y  t h e  c h a r a c t e r  s t r a w  l e n g t h ,  a d d i -  

t i v e  and  d o m i n a n c e  e f f e c t s  w e r e  found  to b e  o p e r a t i n g  in  

t h e  c o n t r o l  of  t h i s  c h a r a c t e r  a n d  in  b o t h  t h e  13 HD a n d  

t h e  9 HD d o m i n a n c e  w a s  a l m o s t  c o m p l e t e .  In t h e  9 HD 

the dominance was attributable almost entirely to the b 1 

item in the analysis of variance and the mean height of 

the hybrids exceeded the mid-parent height by 8.8 N. 

The level of dominance was constant over all loci in 

the 9HD and there were approximately 2.3 dominance 

genes or gene groups for each recessive gene or gene 

group operating. Broad-sense heritabilities were high in 

both diallel groups but the narrow-sense heritability 

estimated for the 9HD was relatively low. 

G e n o t y p i c  C o r r e l a t i o n s  

T a b l e  6 s h o w s  t he  g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t s  c o m -  

p u t e d  f r o m  p a r e n t s  a n d  F 1 d a t a  f o r  p a i r s  o f  c h a r a c t e r s ,  

i n c l u d i n g  t i m e  to e a r  e m e r g e n c e .  L e v e l s  o f  s i g n i f i c a n c e  

h a v e  b e e n  a s s i g n e d  a s  i f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  

p h e n o t y p i c  i . e .  w i t h  n - 2  d e g r e e s  of  f r e e d o m .  The  g e n o -  

t y p i c  a n d  p h e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  v e r y  

s i m i l a r  a n d  t h i s  p r o c e d u r e  i s  u n l i k e l y  to l e a d  to e r r o n e -  

o u s  c o n c l u s i o n s .  

S i m i l a r  c o r r e l a t i o n s  i n  b o t h  t he  9 HD a n d  t h e  13 HD 

w e r e  found  b e t w e e n  t h e  c h a r a c t e r  s t r a w  l e n g t h  a n d  t h e  

c h a r a c t e r s  g r a i n  n u m b e r  p e r  e a r ,  1000 c o r n  w e i g h t  a n d  

time to ear emergence. Thus long straw was associated 

with early heading, high I000 corn weight and high 

grain number. 

In the 9 HD long straw was strongly associated with 

high ear number but there was a weak negative associa- 

tion between ear number and time to ear emergence. This 

latter result supports the results of Hayes (1965) from 

a diallel between I0 two-row parents, that the early gen- 

otypes tended to produce more ears per plant. On the other 

hand, Grafius (1959), working with six-row barley, 

showed that earliness tended to prevent full expression 

of the potential tillering capacity of the genotype. 

Positive correlations were detected in the 9 HD be- 

tween time to ear emergence and grain number per ear 

but time to ear emergence was of little or no significance 

in the expression of the yield component 1000 corn weight. 

Ear number and grain number per ear were not correlat- 
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Table 6. Genotypic correlations between pairs of characters 

1 3 H D F x ,  n = 91 a n d  9 H D F I  ( b e l o w ) ,  n = 45 
E N  G P E  T C W  SL 

ear number (EN) 

grains per ear (GPE) - 0.49 ~ 
(0.12 ) 

1000 corn weight (TCW) 0.05 
(0.47 ~*~ ) 

straw length (SL) - 0 . 4 7  ~ 
(0.58 ~'~) 

time to ear emergence (EE) 0.49 ~ 
(-0.26 ~e ) 

- 0.59 ~H* 
( 0 . 4 9 " ~ )  
0.36 ~ 0.37 ~ 

( 0 . 3 2 ~ )  ( 0 . 7 2 " ~ * )  
- 0 . 3 0 ~  - 0 . 2 2  ~ 

( 0 . 6 7  * ~ '  ) ( 0 . 1 2  ) 
-0.62 ~*~ 

( -o .  3o~ ) 

ed though each was positively correlated with I000 corn 

weight. 

In the 13 HD the signs of some of the correlations 

were the reverse of those in the 9 HD. These rather strik- 

ing reversals can only be explained in terms of the presence 

in the 13 HD of the six-row genotypes which were gen- 

erally taller and earlier than the two-row genotypes and 

which had fewer ears, higher grain number per ear and 

lower I000 corn weight. Progeny of crosses between 

two-row and six-row parents will carry dominant genes 

for long straw, early heading and two-row head type. They 

will also exhibit non-allelic interaction conditioning high 

1000 corn weight. 

Discussion 

The results must be regarded as applying specifically to 

the varieties used in the study but these varieties repre- 

sent a fairly diverse sample of material selected by bar- 

ley breeders in Denmark, Finland, Sweden, Belgium, 

Holland, England and Canada. Thus the genetical archi- 

tectures of the characters measured and their inter-re- 

lationships provide an insight into the direction taken by 

artificial selection. 

Immediately apparent from the genetical analyses is 

the high level of dominance detected in the inheritance 

of all the characters. Thus the heterosis for yield detect- 

ed by other workers cannot necessarily be explained 

(Williams 1959) as simply the result of multiplicative 

interaction between components which are determined by 

essentially additive genetic systems. 

The genetical analyses on the character ear number 

were to some extent obscured by unaccounted variability 

resulting from environmental effects. Within-familyvar- 

iances in crosses between six-row parents were found 

to be lower than those in the two-row group indicating 

genotype-environment interaction. Thus the two-row gen- 

otypes exhibited a greater capacity to respond to envi- 

ronmental fluctuations by tillering to a greater or lesser 

extent. This was noted also by Johnson and Aksel ( 1959 ). 

It is possible that in our experiment the complete ran- 

domization of plants of different genotypes might have 

led to fluctuations in tillering as a response to inter-plant 

competition even though the plants were equally spaced. 

The correlation of Yr and Wr + Vr showedthat dom- 

inance in the F I increased 1000 corn weight in the 9 HD 

andstraw length in both diallel groups. Dominance 

increased ear number in the two-row genotypes. Grain 

number per ear in the 13 HD was apparently influenced 

mainly by the Vv locus, with the two-row genotype do- 

minant. The analysis of variance in the 9 HD indicated 

directional dominance in both F 1 and F 2 but because 

of non-allelic interaction the Wr, Vr analysis could 

not be used to determine the'direction of dominance. 

Dominance acted in general towards higher expression 

of the main components of yield and selection has clearly 

resulted in a preponderance of dominant genes control- 

ling these characters. This is indicated by the large posi- 

tive values of F in Tables 4 and 5. Mather (1973) argued 

that directional selection for a character would be expect- 

ed to result in dominance and duplicate type interaction 

both acting in the direction favoured by selection. Genes 

determining a character which is under stabilizing selec- 

tion would be expected to show weaker dominance of an 

ambidirectional kind and interaction either absent or 

weak and ambidirectional. Such a situation was reported 

by Riggs and Hayter (1972) for the time to ear emergence 

in barley, a character which would have been under sta- 

bilizing selection. 

Dominant genes were also preponderant in the control 

of straw length, yet selection pressure would nowadays 

be towards shorter straw, against the direction of dom- 

inance. However, for much of the period of cultivation 

of the crop, competitiveness against weeds would have 
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favoured greater height, and the value of the straw might 

have ledto some selection for increased height. Selection 

towards fixation of the recessive alleles in all of a num- 

ber of genes wouldbe somewhat hampered bythe relative 

infrequency in a segregating population of such genotypes 

but considerable further shortening of the straw should 

be possible. The positive correlations of straw length 

with grain number per ear and 1000 corn weight suggest, 

however, that this might be done at the expense of yield. 

Indeed the preponderance of dominant genes for long straw 

might well be the result of a correlated response to se- 

lection for yield. 

In the analyses of variance for the F 1 generation, the 

b 2 item reached significance for all the characters ex- 

cept ear number in both diallel groups and for grain num- 

ber per ear in the 9HD. This item indicates that some 

parents contained more dominant alleles than others. In 

the 9 HD the b 2 item was significant for the character s 

I000 corn weight and strawlength. This was probably due 

to the presence of Midas and Golden Promise which con- 

trast strongly with the other varieties in the two-row 

group in their expression of these characters (Table 1). 

They combine agriculturally desirable short straw with 

undesirably low corn weights and both arrays exhibited 

an excess of recessive alleles determining these charac- 

ters. Indeed, both varietes carry a major recessive gene 

for shortness. 

The spacing between plants used in this experiment is 

probably fairly typical of that used by many barley bree- 

ders for single F 2 plant selection. The heritability esti- 

mates obtained are therefore of some interest. Consider- 
2 

ing the estimates of h N from the two-row material, the 

effectiveness of selection is expected to be fairly high 

for I000 corn weight, less so for straw length and un- 

certain for ear number and grain number per ear. 

The interaction detected in crosses between two-row 

and six-row parents for the character 1000 corn weight 

may well be a fairly general phenomenon. Indeed we 

have obtained similar results with different sets of par- 

ents though the phenomenon was apparently not observed 

by Hayes and Khalifa (1974) who also used two-row and 

six-row parents in a diallel experiment. The high level 

of heterosis in such crosses (18 ~ in this material ) might 

be of some significance in the production of commercial 

F 1 varieties provided that small lateral grains were not 

produced. 

The genotypic correlations observed in this material 

could have been the result of linkage, pleiotropy or geue 

association without linkage. They could also be the re- 

sult of environmentally induced compensations between 

the characters which are only indirectly the result of 

gene action. Furthermore the correlations found in the 

parents and F 1 generations are arguably not as mean- 

ingful to the breeder as the relationships found between 

characters in hornozygous lines, The correlations be- 

tween components in the hybrids will depend upon the re- 

lative proportions of additive and non-additive gene ac- 

tion in the expression of the individual characters and 

may well change with increasing homozygosity. 

In the two-row material studied here the positive cor- 

relations between yield components are probably the re- 

sult of positive selection in the breeding of the parents 

for high expression of these components. We have seen 

that high expression is generally determined by dominant 

genes and these will have become associated or linked in 

coupling. 

Rasmusson and Cannell (1970) computed phenotypic 

correlations between yield and the morphological com- 

ponents intwo populations at F 4 and again, the following 

season, at F 5. The correlations were very different in 

the two generations and the authors argued that these re- 

sults supported the view of Adams (1967) that control of 

component relationships is largely environmental. Under 

conditions of intense inter-plant competition compensato- 

ry variation between components may lead to negative as- 

sociations (Adams 1967 ). The positive correlations found 

in these data presumably indicate that such compensation 

was not a general phenomenon under the conditions of 

trial and that environmental stress was absent. It would 

appear that further genetic improvement for yield in this 

gene pool should be possible. Indeed the fact that com- 

ponent compensation may occur means that negative cor- 

relations would not necessarily indicate limitations to 

the improvement of yield. 
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